Histological changes were examined in the left ventricular free wall of the heart in 40 rats after ligation of the distal anterior descending coronary artery for 15, 30 minutes and 1, 2, 3, 4, 5, 6 hours. Auto-injection of tracers for light microscopy was used to examine the development of collateral circulation. Morphological changes of the ischemic myocardium were observed by PAS staining and transmission electron microscopy. Fifteen minutes after coronary occlusion, the dye was observed in the vein of the ischemic zone; however, 30 minutes after coronary occlusion, the dye appeared in the capillaries of the outer-third layer.
Introduction
The collateral vessels could provide a measure of During this procedure, the rate was maintained on intermittent positive pressure breathing with a
Harvard respirator. Fifteen minutes to six hours later each rat was injected intraperitoneally with heparin (1000 units/kg body weight), the heart was excised, and autopsies were performed after ischemic intervals of 15, 30 minutes and 1, 2, 3, 4, 5, 6
hours. There were at least four rats in each group after coronary artery occlusion. and inner-third layers were moderately positive by PAS staining; however, a part of the ischemic zone was negative (Fig. 2B ). One hour after coronary occlusion, a positive reaction by PAS staining was seen in the outer-third layer and a part of the middle-third layer in the ischemic zone, but the other regions of the ischemic zone were stained negative by PAS staining (Fig. 2C ). Three hours after coronary occlusion, a part of the inner-third and middle-third layers also appeared positive by PAS staining (Fig. 2D ). Four hours after coronary occlusion the distribution of positive reactions obtained by PAS staining was the same as that at three hours after coronary occlusion, while the negative reactions increased to more than those observed at three hours after coronary occlusion
(2) The dye distribution Fifteen minutes after coronary occlusion, the dye was seen in the veins of the outer-third layer of the ischemic zone (Fig. 2F ). Thirty minutes after coronary occlusion, the dye appeared in the capillaries of the outer-third layer (Fig. 2G) . One hour after coronary occlusion, in addition to prestage, the dye appeared in the middle-third layer and the superficial space (Fig. 2H) . After three hours of coronary occlusion, in addition to prestage, the dye appeared in the capillaries of the inner-third layer (Fig. 21 ).
Four hours after coronary occlusion, the dye was distributed in a scattered manner throughout the ischemic ventricular wall (Fig. 2J ). Five and six hours after coronary occlusion, the dye distribution was the same as that observed at four hours coronary occlusion. Fig. 3A shows the distribution of the dye at three hours after coronary occlusion. The dye was seen in the superficial space (arrow head), the veins (V) and the capillaries (arrow), but not seen in the coronary artery of the ischemic zone. 
Electron microscopic observations
When electron microscopic photographs were taken, we always compared light and electron microscopic findings in adjacent sections of each decrease in the number of glycogen granules, swollen mitochondria, a short I-band and moderate interfibrillar edema (Fig. 5B) . Three hours after coronary occlusion, a different form of degeneration of the myocytes was observed. The myocytes with minimal damage showed mild clumping of chromatin in the nucleus, and swollen mitochondria (Fig. 5C ). The moderately damaged myocytes showed a decrease in the number of glycogen granules, a wide I-band, swollen mitochondria, and moderate interfibrillar edema (Fig. 5D ). Four hours after coronary occlusion, the myocytes with mild damage showed mild clumping of chromatin in the nucleus, a moderate decrease in the number of glycogen granules, a short I-band and moderate interfibrillar edema (Fig. 6A) . The severely dama- ged myocytes showed moderate clumping of chromatin, loss of glycoen granules, a wide I-band, swollen mitochondria with electron-dense deposits , and cell edema (Fig. 6B, C) . Six hours after coronary occlusion, the ischemic zone contained varying amounts of reversibly and irreversibly injured myocardium. The necrotic myocytes showed clumping of chromatin in the nucleus, loss of glycogen granules and rupture of mitochondria (Fig. 6D ). The dye was also seen in the superficial space at one hour after coronary occlusion. These results suggest that the presence of superficial space flow may be able to prevent ischemic damage of superficial myocardial cells.
